INTRODUCTION
The aim of the present investigation was to study the biochemical, patho logical and antigenic interrelationships between different strains of Corynebac- terium pseudotuberculosis (C. ovis) isolated from sheep and goats with caseous lymphadenitis, cattle with suppurative lesions (Fig. 1) and from buffaloes affec-ted by "oedematous skin disease", which is characterized by oedematous swel lings in the dewlap, flank and other locations. The swelling may exceed the size of a water-melon. On cutting or puncturing, such swellings constantly release a serous bloody exudate (Fig. 2) . Coalesced abscesses and eroded areas are usually seen, measuring about 30 cm in diameter, mostly on the shoulders or abdominal regions. The disease occurs sporadically but occasional outbreaks have been seen (Carpano, 1934 ; 8, 4, 6, 1, 2) .
Infection of buffaloes with the bacterium is of great interest in Egypt and its epidemiological relationship to infection in sheep is the subject of some speculation, so there was good reason to search for criteria useful to differen tiate the isolated causal organisms.
There is agreement that the different strains of Corynebacterium pseudo tuberculosis cannot be differentiated reliably from each other by their cultural and biochemical properties, except perhaps by the nitrate reduction test. Biberstein et al. (5) classified sheep, goat, horse and cattle strains of C. pseudotuber culosis into 2 biotypes; a nitrate-negative one infecting sheep and goats, and a nitrate-positive one infecting cattle and horses.
Serologically, Shigidi (7) did not record any antigenic variation between strains of C. pseudotuberculosis irrespective of their source. There has been no report of comparisons between strains of ovine and bovine origin, specially those isolated from buffaloes, by means of animal pathogenicity tests or by serological methods for detecting intra-type variation or subspecies. Accor dingly, comparative cultural, morphological, biochemical as well as antigenic studies were performed on 21 strains isolated from different sources.
MATERIALS AND METHODS

Bacteria.
The 21 strains of C. pseudotuberculosis comprised 4 from sheep and 5 from goats affected with caseous lymphadenitis; 5 from cows with suppurative lesions in different locations, and 7 from buffaloes with the so-called "oedematous skin disease". Biochemical reactions were performed on all strains, using the standard methods described by Cowan and Steel (1966) .
Pathogenicity tests.
A dose of 10 13 bacteria was inoculated subcutaneously inside the thigh of guinea-pigs, according to the procedure described by Barakat et al. (4) .
Serological studies.
For studying antigenic interrelationships between the different strains, hyper-immune sera were prepared against 4 strains representing the different species, i.e. one each from sheep, goat, cattle and buffalo.
Production of antisera.
Antisera against C. pseudotuberculosis
were prepared by three different tech niques: immunization of rabbits with formalin-killed organisms according to Shigidi (7); inoculation with formalin-killed cultures followed by live organisms by the method of Yanagawa et al. (9) ; immunization of rabbits with live cultu res only.
Antigens were prepared by growing bacteria in Roux bottles containing brain-heart infusion agar. After 48 hours of incubation at 37°C, cells were har vested from each bottle by adding a suitable amount of sterile saline. Harvested cells were transferred into screw-capped bottles, washed 3 times by saline and adjusted to the standard Macferland opacity tube No. 3. As the strains Nos. 6 (buffalo) and 19 (goat) were highly toxic and fatal to rabbits in the original concentration, the suspensions were diluted with sterile saline to 1/10 before inoculation.
All groups were inoculated with increasing doses (0.2, 0.4, 0.6, 0.8 and 1 ml) at weekly intervals. All rabbits were bled one week after the last injection.
Gel double diffusion test.
Purified agar (Difco) was dissolved in equal volumes of distilled water and barbital buffer (pH 8.2), warmed to make a 1% agar solution. Merthiolate in a concentration of 1:10 000 or sodium azide in a concentration of 0.05% was added as a preservative. The melted agar was kept in a water bath at 60°C until needed.
Preparation of corynebacterial precipitating antigens was based on the pro cedure described by Yanagawa et al. (9) . Strains were cultured on brain-heart infusion agar in Roux bottles and incubated at 37°C for 48 hours, harvested by sterile saline, washed 3 times then resuspended in 2 ml of saline. To the suspension, 1 ml of 2% sodium deoxycholate was added at 45°C for 3 hours, and used as treated antigen. Wells were filled with the test materials and the plates were incubated at room temperature for 72 hours.
Titration of hyperimmune sera.
All prepared immune sera were titrated by the agar gel diffusion method. Serial dilutions of serum prepared in saline from 1/2-1/64 were titrated against the homologous prepared antigen.
RESULTS
The results of comparative studies on growth, morphological, biochemical properties and pathogenicity of all investigated strains of ovine (sheep or goat) or bovine (buffalo or cattle) origin are shown in Table I . 
Hyperimmunization.
Antibody titres and the number of precipitin lines for sera prepared in rab bits by the 3 different schedules of immunization are shown in Table II. It is clear from Table II that rabbits immunized with formalin-killed cul tures of C. pseudotuberculosis gave immune sera having a titre of 1/32-1/64, 
Classification of C. pseudotuberculosis by the agar-gel diffusion technique.
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Results are given in Table III , which shows that strains of C. pseudotuberculosis from different animals can be divided into two serological groups, designated I and II. Reactions between homologous antisera and antigens gave distinct lines, while between those belonging to different types there were usually no line or only faint ones.
It is seen from the table that all strains of ovine origin (sheep and goat) and 3 strains of cattle origin belonged to type I, and only reacted with hyperimmune sera prepared against strains 1 (sheep) and 19 (goat), while no line or only faint lines developed with hyperimmune sera against buffalo and cattle strains (Fig. 3 ). The other strains, seven of buffalo origin and two cattle strains, gave 2-3 distinct lines with all 4 hyperimmune sera, and were grouped as type II. No strains of ovine origin were included in type II (Fig. 4) .
DISCUSSION
A bovine skin disease, reported in Egypt by many authors, affects mainly buffaloes, and is characterized by large swellings accompanied by rise in tem perature. The disease may last for a long time, resulting in emaciation and serious economic losses for the farmers. This disease has been regarded as infec tious by Egyptian veterinary authorities since 1960 and was named "oedematous skin disease". The cause of the disease was obscure until reports by Barakat and Eid (3), and Anon. (1, 2) of the isolation of Corynebacterium pseudotuber culosis (C. ovis) from infected buffaloes, and experimental reproduction of the disease by intradermal inoculation of the isolated organisms into buffalo calves. It is known that C. pseudotuberculosis mainly causes caseous lym phadenitis in sheep and goats, while in cattle it causes suppurative conditions.
Members of the genus Corynebacterium
have been grouped by morpho-logical and biochemical characteristics. In the present investigation, morpho logical, biochemical, biological and immunological techniques were applied to 21 strains of different origins (4 from sheep, 5 from goats, 5 from cows and 7 from buffaloes).
The authors came to the conclusion that the strains could not be differ entiated morphologically or by using established biochemical reactions, except the nitrate reduction test, the results of which agreed with serological tests.
It was noticed that all strains from sheep and goats were nitrate negative, while all those isolated from buffaloes were nitrate positive. In the case of strains isolated from cows, 3 of 5 strains were nitrate negative and 2 strains were nitrate positive. It is apparent from these results that two biotypes exist: a nitrate negative one infecting sheep and goats, and a nitrate positive one infecting buffaloes.
In cows no host correlation was observed, as both types (nitrate positive and negative) were isolated. The results of nitrate reduction agreed with those of laboratory animal inoculation. When guinea-pigs were inoculated subcutaneously with the 21 strains, two different pathological pictures were obser ved. The first group was composed of all strains of ovine origin in addition to 3 cow strains (Nos. 13, 14 and 15; all nitrate negative). Animals injected inside the thigh developed tense, hot circumscribed lesions at the site of inocula tion for 24 hours. The disease in guinea-pigs was prolonged and ended with death after 15 days. Local and general abscesses were found in internal organs post mortem. The picture was completely different for the second group of organisms (all nitrate positive) which contained all the buffalo strains and 2 cow strains (Nos. 15 and 16). At the site of inoculation, much tenser and more dif fuse lesions developed within 24 hours. The course of the disease was shorter and ended with death after 5 days. Large swellings were present at the site of inoculation, containing macerated tissue and exudate without any pus formation either locally or in internal organs.
Apart from biochemical reactions and pathogenicity testing in guinea-pigs, all 21 strains were studied serologically and could be differentiated into two serotypes by means of the agar-gel precipitation technique. Shigidi (7) used the same technique and specific hyperimmune sera prepared in rabbits inoculated with formalin-killed antigens of C. pseudotuberculosis, but was unable to detect antigenic differences between strains isolated from sheep, goats, horses and donkeys.
However, Yanagawa et al. (9) used hyperimmune sera prepared by inoculat ing rabbits with formalin-killed cultures followed by live ones, and they dif ferentiated 78 strains of C. renale into 3 serotypes.
To avoid any influence of the form of inoculated strains on the specificity of antibodies produced, we prepared hyperimmune sera by immunizing rab bits with formalin-killed cultures according to Shigidi (7), or killed cultures followed by live ones according to Yanagawa et al. (9) , or live cultures alone. Tests on hyperimmune serum prepared by inoculating killed C. ovis against homologous antigens showed that the titre of antibodies was relatively high (1/32 to 1/64), exceeding those of serum prepared by the other 2 schedules. However, their specificity was lower because they gave only 1 or 2 thick lines of precipitation, while those sera prepared by inoculating killed plus live cul tures, or live cultures alone gave at least 2 or 3 sharp lines of precipitation with the homologous antigens.
By comparing the results of the three techniques of immunization, it might be thought that multiplication of bacteria in vivo is important for stimulating antibody formation against the present antigens. Moreover, it is known that short courses of immunization produce more specific antibodies.
Typing 21 strains of C. pseudotuberculosis by precipitation reactions in gel was performed with antigen extracted by sodium deoxycholate. It was found that they were divisible into 2 types. 12 strains (4 from sheep, 5 from goats and 3 from cows) gave 2 or 3 lines with hyperimmune serum prepared against strains Nos. 1 (sheep) and 19 (goat), and no line or only faint lines with serum prepared against the other 2 strains (buffalo and cow strains); these comprised one group or type I. The other 9 strains which included all 7 buffalo strains and 2 cow strains (Nos. 15 and 16) reacted with the 4 types of immune sera, giving 2 or 3 lines of precipitation and grouped serologically as type II. These results indicate that strains of type II may share some of type I antigen frac tions in addition to their own antigens.
Depending upon agreement between nitrate reduction, pathogenicity and serological testing, the authors concluded that the 21 strains were divisible into 2 separate types. 
II
-161 -divided C. pseudotuberculosis into 2 biotypes depending on host predilection and nitrate reducing activity.
All strains of ovine origin were included in type I, while all buffalo strains were included in serotype II, the cattle strains being divided between the 2 serotypes. This information corresponds to field observations that organisms of serotype I infect mainly sheep and goats, which can be considered natural hosts of that serotype, which causes a specific disease (caseous lymphadenitis), while members of serotype II infect mainly buffaloes causing a characteristic disease (oedematous skin disease) and they can be considered as the natural host of serotype II.
Since both serotypes can be isolated from cattle, they can be considered as a non-specific host for both types, the lesions consisting of abscesses in various locations.
This proposal for host specificity needs experimental infection of different animals for further confirmation, and this has been done by experimentally infecting buffaloes, cows and sheep with typical strains of serotype I (ovine origin) and serotype II (buffalo origin).
When serotype I is injected intradermally, it produces typical caseous lymphadenitis in sheep, while in cattle and buffalo the result is an inflammatory swelling at site of inoculation, which rapidly heals. On the other hand, injection of serotype II produces the typical "oedematous skin disease" in buffaloes, but only local inflammation at site of injection in sheep and cattle. 
